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WAX AND RELATED COATINGS 
FOR HORTICULTURAL PRODUCTS 


-- A BIBLIOGRAPHY -- 


By 


R. E. Hardenburg, research horticulturist + 


INTRODUCTION 


This list of 292 references was prepared to 
aid research workers contemplating further 
work on use of wax, wax emulsions, or related 
coatings for horticultural products, It also is 
intended as a correspondence aid and to 
answer other requests for information on the 
subject. No doubt some significant contribu- 
tions on waxing fruits, vegetables, andnursery 
stock have been overlooked, as titles often do 
not tell the full scope of the investigations or 
of products tested. 

The technology of using wax to prolong the 
life of fruits is not new. The Chinese experi- 
mented with molten wax dips for oranges and 
lemons in the 12th and 13th centuries (1). 
They discovered that this caused the fruit to 
ferment. They then developed a method of 
applying wax with brushes. As better results 
were obtained, they experimented with other 
fruit. Waxing of citrus has now become com- 
monplace. The possibilities of waxing vege- 
tables, apparently was first reported in 1935 
by Harvey and Landon (216), who showed that 
water losses from winter squash could be 
markedly reduced by waxing. However, toma- 
toes and some other vegetables were probably 
waxed earlier than this. 

Horticultural crops may be waxed for a 
variety of reasons, but most commonly they 
are waxed to retard evaporation andtranspira- 
tion losses from tissues that lead to wilting, 


1 Horticultural Crops Research Branch, Market Quality 
Research Division, Agricultural Research Service, U,S, 
Department of Agriculture, Beltsville, Md, 

2Numbers in parentheses refer to specific references 
given in the report, 


shriveling, and general shrinkage. Excessive 
moisture loss makes products unattractive to 
consumers and survival of nursery stock is 
impaired. The wax coating should not be so 
thick as to unduly interfere with respiration, 
ripening, or other metabolic processes as 
injury may result. However, root crops such 
as rutabagas, with a relatively low res- 
piration rate, may receive a fairly thick 
paraffin coating and remain uninjured in stor- 
age. 

Some horticultural crops are waxed to 
improve their luster or natural appearance, 
Others are coated in an attempt to prevent 
deterioration, such as decay, physiological 
breakdown, sprouting, aging, and color changes. 
For this purpose other chemicals such as 
fungicides, bactericides, growth regulators, 
and senescence inhibitors may be incorporated 
in the wax formulation. Citrus is often treated 
with a high gloss fungicidal wax for three 
benefits; To reduce moisture loss, to retard 
decay, and to improve appearance (103), For 
still other fruits and vegetables, a wax coating 
may serve as a lubricant to reduce scarring 
or chaffing during marketing. 

At least eight methods of applying wax have 
been developed to obtain desired results. Some 
involve fairly elaborate equipment as 
illustrated by Hartman and Isenberg (182). The 
wide range in texture of surface tissues of 
different products (oranges, peppers, canta- 
loups, rose bushes) helps explain why no single 
application method or type wax is best for all. 
Some products have a good natural protective 
skin and would benefit little, if any, from added 
wax. Application methods include dipping 


products into cold wax emulsions, dipping 
briefly into hot melted paraffin, spraying with 
wax emulsions, foaming and dripping wax 
emulsions onto rotating brushes, and using 
solid cake wax against rotating brushes, which 
coat and polish a product at the same time. 

Waxes have been tested on many kinds of 
produce and nursery stock as shown in this 
bibliography. Commercial use, however, is 
relatively limited. The waxing process is 
recommended only where research has shown 
benefits, such as reduced shriveling or im- 
proved appearance. Waxing is recommended 
only on good quality products; it does not 
improve the quality of inferior products, 
Sometimes it increases decay. Deterioration 
resulting from defects, injury, and disease is 
likely to progress regardless of whether 
products have been wax-treated, 

Horticultural crops commonly waxed include 
tomatoes, peppers, citrus, cantaloups, cucum- 
bers, rutabagas, rose bushes, and numerous 
kinds of trees and shrubs during storage or 


transplanting. Other crops occasionally given 
a wax coating include turnips, parsnips, 
carrots, eggplants, small summer squash, 
winter squash, potatoes, sweetpotatoes, nec- 
tarines, apples, pears, and honeydew melons. 
Waxing of leafy vegetables and of bunched root 
crops has given unfavorable results (183), 
Extensive information on waxing nursery stock, 
dormant fruit trees, cion wood, and cuttings 
is given in (248) and (250). 

References of a general nature on wax and 
related coatings for horticultural crops, which 
detail both experimental benefits and problems 
encountered, include (1, 3, 5, 8, 17, 18, 28, 40, 
41, 44, 45, 71, 96, 101, 103, 182, 183, 248, 250, 
256). Some of these reports are no longer 
available from the author or institution but 
may be found in libraries, 

Food and Drug Administration (Department 
of Health, Education and Welfare) regulations 
on the use of food coatings, petroleum wax, 
petrolatum, and so forth, are given in (287) 
and (288), 
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Anonymous, 
1954, Prepackaged waxed radishes point the 
way On processing rootcrops, Pre-Pack- 
Age 7(8): 22-23, 
See also No, 183, 


Rhubarb 


Cook, J, A. 
1960, Quality deterioration of forced rhubarb 
during handling and marketing, Mich, Agr. 
Expt, Sta, Quart, Bul, 42: 878-885, 


Squash and Pumpkins 


Harvey, R, B., and Landon, R, H, 
1935, Shriveling of fruits and vegetables (waxing 
winter squash,) Market Growers Jour, 
56: 155, 158, 


See also No, 183, 


Sweetpotatoes 


Kushman, L, J. 

1961, Fungicidal control of decay in Porto Rico 
sweetpotatoes during marketing, U,S, 
Dept. Agr. AMS-452, 17 pp. 

Scott, L, E, 

1962, Handling tests with freshly harvested and 
stored sweetpotatoes, Assoc, South, Agr, 
Workers’ Proc, 59: 182-183, 

Whiteman, T, M,, and Wright, R, C, 

1946, The effects of temperature on losses in 
sweetpotatoes, Amer, Soc, Hort, Sci, Proc, 
48; 437-442, 

See also No, 201; 203, 
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220, 


221, 


222, 


223, 


224, 


225, 


226, 


2216 


236, 


231, 


238, 


239, 


240, 


241, 
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Tapioca Roots 


Subramanyam, H,, and Mathur, P, B, 

1956, Effect of a fungicidal wax coating on the 
storage behaviour of tapioca roots, Mysore 
Central Food Technol, Res, Inst, Bul, 
5: 110-111, 


Tomatoes 
Ayres, J. C., Kraft, A, A,, and Peirce, L, C, 

1964, Delaying spoilage of tomatoes, Food 

Technol, 18: 1210-1213, 
Brooks, Charles, 

1938, Some effects of waxing tomatoes, Amer, 

Soc, Hort, Sci, Proc, 35: 720, 
Clendenning, K, A, 

1942, The respiration and ripening of the tomato 
fruit on the plant, Canad, Jour, Res, Sec, 
C 20: 197-203, 

Emmert, F, H,, and Southwick, F, W, 

1954, Effect of maturity, apple emanations, 
waxing, and growth regulators on respira- 
tion and red color development of tomato 
fruits, Amer, Soc, Hort, Sci, Proc, 
63: 393-401, 

FMC Corporation, 

1963, Flavorseal for tomatoes, FMC Tech, Bul, 

140, 4 pp. 
Iverson, V, E, 

1937, Factors affecting the keeping quality of 
tomatoes in storage, Amer, Soc, Hort, 
Sci, Proc, 34: 539, 

Moore, C, A, 

1950, Market preferences for fresh tomatoes at 
St, Louis, Missouri, Ark, Agr, Expt, Sta, 
Bul, 494, 16 pp. 


WAXING PLANTS, CUTTINGS, 


Abeels, P, 

1961, [Bamboo propagation,] Congo Bul, Agr, 

52: 591-598, 
Bakker, J. 

1963, [Wax treatment of bulbs of Lilium ‘Orange 
Triumph,""] Aalsmeer, Proefstat, v. de 
Bloemisterij, Jaarv., 1962: 86-89, 

Chadwick, L, C, 

1933, The use of emulsified paraffins for the 
control of plant desiccation, Ohio Agr, 
Expt, Sta, Hort, Dept, Nursery Notes 2(9), 
See also 3(10) in 1934, and 5(1) in 1935, 

Comar, C, L,, and Barr, C, G, 

1944, Evaluation of foliage injury and water loss 
in connection with use of wax oil emul- 
sions, Plant Physiol, 19: 90-104, 

Doesburg, J, van 

1962, [Experiments with winter cuttings,] 
Boskoop, Proefstat, v, de Boomkwekerij 
Jaarb, 1962: 24-33, 

Dorsman, C, 

1963, [Yearbook of the Boskoop Tree and Shrub 

Nursery Expt, Sta,] (In Dutch,) 187 pp, 


228, Morrison, W, W. 
1962, Preparing fresh tomatoes for market, 
U, S, Dept. Agr, Market, Bul, 19, 14 pp, 
Mustard, Margaret J. 
1951, The use of latex VL-600 as a surface 
coating for tomatoes, Fla, State Hort, 
Soc, Proc, 64; 105-109, 
West, E, A,, and Snyder, G, B, 
1938, The effect of storage methods on ripening 
and quality of tomatoes, Amer, Soc, Hort, 
Sci, Proc, 36: 695-700, 
See also No, 1; 5; 18; 183, 


229, 


230, 


Turnips and Rutabagas 


Bradbury, J. F, 

1966, A bacterial disease of waxed swede 

turnips, Canad, Jour, Bot, 44(3); 223-229, 
Churchill, B, R, 

1945, Production of tablestock rutabagas in 
Michigan, Mich, Agr, Expt, Sta, Cir, Bul, 
197, 19 pp, 

Franklin, E, W, 

1965, The waxing of turnips for the retail 
market, (Revised,) Canad, Dept, Agr, Pub, 
1120, 4 pp. 

Haller, M, H, 

1947, Effect of rootetrimming, washing, and 
waxing on the storage of turnips, Amer, 
Soc, Hort, Sci, Proc, 50: 325-329, 

Truscott, J, H, L., and Thompson, C, L, 

1941, The waxing of rutabaga (turnip) roots for 
the retail market, Ontario Agr, Col. 
(Guelph, Canad,), Dept, Hort, Rpt. (Also 
information on beets, carrots, parsnips,) 

See also No, 8; 182; 183, 


231, 


232, 


233, 


234, 


235, 


AND OTHER NURSERY STOCK 


242, Eifert, J., Bartha, Z,, and Juhasz, M, 

1964, [The value of some emulsions in pre- 
venting desiccation during the vegetative 
propagation of vines and other plants,] 
Kiserl, KOzlem,, Sec, C, 1963, 
56C(3): 67-79, 

243, Fisher, G, M, 

1955, Rose research report at Texas Foundation 
annual meeting, Amer, Nurseryman 
102(2): 28-29, 

244, Henrard, G, 

1962, A trial on the propagation of 
Ficus decora by cuttings, Liege Hort, 
Bul, 17: 239-243, 

Jones, S, E,, and Rickey, H, W. 

1939, The use of wax emulsions in reducing 
desiccation of transplanted tomato plants 
and apples in storage, Amer, Soc, Hort, 
Sci, Proc, 36: 751-753, 

Mahlstede, J. P. 

1959, Waxing hybrid rose canes improves keep- 

ing quality, lowa Farm Sci, 13: 279, 








245, 


246, 


247, 


248, 


249, 


250, 


251, 


252, 


260, 
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— 


262, 


263, 


264, 


265, 


266, 


Maney, T, J. 

1932, An apparatus for spraying plants with 
melted paraffin or other waxes, Amer, 
Soc, Hort, Sci, Proc, 28: 496-497, 

Miller, E, J.» Neilson, J, A., and Bandemer, S, L, 

1937, Wax emulsions for spraying nursery stock 
and other plant materials, Mich, Agr, 
Expt. Sta, Spec, Bul, 282, 39 pp. (Tests 
on many trees and shrubs, cuttings, and 
flowers.) 

Neal, A, L., and Gardner, V, R. 

1945, Emulsions for horticulture sprays, Mich, 
Agr, Expt, Sta. Quart, Bul, 27: 338-351, 

Gardner, V. R., Petering, H, G., 
and others, 

1950, Studies on the development, preparation, 
properties and applications of wax emul- 
sions for coating nursery stock and other 
plant materials, Mich. Agr. Expt. Sta, 
Tech, Bul, 218, 78 pp. (Results of exten- 
sive tests,) 

Neilson, J. A. 

1931, Reducing storage and transplanting losses 
in nursery stock, Florists’ Exch, 78: 27, 
35. See also 1930 Natl, Nurseryman 
38: 5-12, (Paraffining nursery stock,) 

Stoutemyer, V, T, 

1932, Some comparisons of methods of grafting 
evergreens, Amer, Soc, Hort, Sci, Proc, 
28; 498-500, 


253, 


254, 


255. 


256. 


257. 


258, 


259, 


Toy, S. J. 
1959, Effects of paraffin waxes on growth and 
physiology of rose plants, Diss, Abs, 
19; 2209-2210, 
and Mahlstede, J, P. 


1959, Responses of rose plants to cane coating 


with melted paraffin wax, Iowa State 
Col, Jour, Sci, 33: 475-488, 


and Mahlstede, J, P, 


1960, Paraffin wax on roses, Amer, Nursery- 


man 112(4): 98, 
Mahlstede, J, P,, and Smith, F, G, 

1961, Some effects of coating the canes of 
dormant rose plants with melted paraffin 
wax, Amer, Soc, Hort, Sci, Proc, 
77: 583-586, 

Tukey, H, B,, and Brase, K, 

1931, The effect of paraffining, pruning and 
other storage treatments upon the growth 
of roses and cherry trees, Amer, Soc, 
Hort, Sci, Proc, 28; 489-495, 

Vogel, P, De. 

1955, [Use of green wax as cover for wound 
when budding,] Boskoop, Proefstat, v. 
de Boomkwekerij Jaarb, 1955; 116-117. 

Weber, W, H, 

1952, Waxing for winter protection--box- 
wood and evergreens, Prof, Gard, 
4; 245-246, 

See also No, 5; 259, 


MISCELLANEOUS REFERENCES ON WAX AND 
RELATED SUBJECTS 


Angus, D, E., and Bielorai, H, 

1965, Transpiration reduction by surface films, 
Austral, Jour, Agr. Res, 16: 107-112, 
(Silicone oils.) 

Association of Food and Drug Officials, 

1959, Appraisal of the safety of chemicals in 
foods, drugs, and cosmetics, 107 pp. 
Assoc, Food & Drug Off, of U,S,, Balti- 
more, 

Clark, W, L., and Shirk, R, J. 

1965, A hot-melt transparent peelable coating 
for food, Food Technol, 19(10): 105-111, 
(Acetylated monoglycerides and cellulose 
acetate butyrate,) 

Clary, B, H, 

1955, How to judge microcrystalline waxes, 
Paper, Film and Foil Converter 29(9) and 
29(10), 

Comar, C, L,, and Miller, E, J. 

1943, Determination of permeability of agricul- 
tural spray coatings to water vapor, 
Indus, Engin, Chem, Anal, Ed, 15: 737-740, 

Dollear, F, G, 

1958, Vegetable oils, fats, and waxes--a discus- 
sion of 50 years of progress, Indus, 
Engin, Chem, 50(6): 48A-SI1A, 

Faucheur, D, 

1950, Lesciresen Allemagne, Rev. Prod, Chim, 

53: 5-11, 


267, 


268, 


269, 


272, 


273, 


Fiero, G, W, 

1966, Petroleum products as food coatings, 
Symposium on Surface Coatings fer Food, 
Amer, Chem, Soc,, Sept, 11-16, New York, 
13 pp. (Includes 48 references.) 

Food & Agriculture Organization of United Na- 
tions, 

1957, General principles governing the use of 
food additives, FAO/WHO Expert Com, 
Food Additives Rpt, No, 1, 22 pp. (See 
also 1962 Rpt, No, 6, and 1964 Rpt. No, 7.) 

Gerarde, H, W., and Gerarde, D, F. 

1961-62, The ubiquitous hydrocarbons, Assoc, 
Food and Drug Off, of U.S, 25(1961) and 
26(1962), 

Hall, D, N,, and Jones, R, L, 

1961, Physiological significance of surface wax 

on leaves, Nature 191: 95-96, 
Hall, E, E, 

1950, Synthetic waxes, Food Processing, Pkg, & 

Market, 19: 27-28, 68-70, 108-110, 
Hatt, H, H, 

1958, Waxes, the natural surface coatings, 

Austral, Jour, Sci, 21: 31-42, 
Hocking, G, H, 

1955, Paraffin waxes--their characteristics, 
applications and their future, Paper, 
Film and Foil Converter 29(11) and 
29(12), 
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274, Howes, F, N, 

1936, Sources of vegetable wax, Kew Roy, Bot, 

Gard. Bul, Misc, Inform, 10: 503-526, 
275. Majani, B, E,, and Early, J. T. 

1956, Waxing machinery for any job, Paper, 
Film and Foil Converter 30(5): 19-22, 
and 30(6): 22-25, 

276, Mansfield, W, W. 

1953, Effect of surface films on the evaporation 
of water, Nature 172:1101, 

277, Miers, J, C., Swenson, H, A,, Schultz, T, H,, and 

Owens, H, S, 

1953, Pectinate and pectate coatings, I, General 
requirements and procedures, Food 
Technol, 7: 229-231, 

278, Nelson, R, C, 

1942, A method of studying the movement of 
respiratory gases through waxy coatings, 
Plant Physiol, 17: 509-514, 

279, Oertli, J. J. 

1963, Effects of fatty alcohols and acids on 
transpiration of plants, Agron, Jour, 
55: 137-138, 

280, Pallas, J. E., Jr., Harris, D, G,, Elkins, C, B,, 

and Bertrand, A, R, 

1961, Research in plant transpiration, U.S, 
Dept, Agr, Prod, Res, Rpt, 70, 37 pp. 

281, Rumberger, G, G, 

1955, Petroleum waxes--their history and de- 
velopment, Paper, Film and Foil Con- 
verter 29(6): 23-27, 72, 74, 76, and 
29(7): 21-23, 66, 68, 70, 72-77, 

282, Sayre, J, E,, and Marsel, C, J, 

1952, The 100 million dollar market for waxes 
(statistics, properties, applications.) 
Chem, Week 71(13): 29-50, 

283, Simerl, L, E, 

1953, Waxes in protective packaging, Food 

Technol, 7(6): 256-257, 


284, Swenson, H, A,, Miers, J, C,., Schultz, T, H,, 
and Owens, H, S, 
1953, Pectinate andpectate coatings, II, Appli- 
cation to nuts and fruit products, Food 
Technol, 7: 232-235, 
285, Tuttle, J. B, 
1960, The petroleum waxes, In Petrol, Prod, 
Handb,, pp. 10-26, McGraw Hill, N,Y, 
286, U.S, Department Health, Education and Welfare, 
Food and Drug Administration, 
1962, Revision of pesticide regulations, F, R, 
Pt, 2, 27(236): 12092-12111, 


287, 

1966, Federal food, drug, and cosmetic act as 
amended, 68 pp., reprinted 1967, (Similar 
material appears in the Code of Federal 
Regulations, Title 21,) 

288, 


1964, Amendment on petroleum wax, F, R, 
29 F, R, 9326 (July 8, 1964), Subpart D, 
Food Additives, p, 57 (121.1156), See 
also 121.1166 (petrolatum) and 121.1179 
(coatings on fresh citrus fruits,) 
289, Vaurio, F, V, E,, and Howells, T, A, 
1956, Wax additives for packaging, Paper, Film 
and Foil Converter 30(1): 24-27, (Includes 
65 references and patents,) Also 
30(2): 17-21, 
290, Warth, A, H, 
1947, The chemistry and technology of waxes, 
339 pp, Reinhold Pub, Co,, N.Y. 
291, Wenzel, R, N, 
1936, Resistance of solid surfaces to wetting by 
water, Indus, Engin, Chem, Anal, Ed, 
28: 988-994, 
292, Yates, W, J. 
1956, Putting wax to the test, Paper, Film and 
Foil Converter 30(3): 17-22, 


SOURCES OF HORTICULTURAL WAXES AND RELATED MATERIALS*® 


Aeroglide Corp,, 510 Glenwood Ave,, Raleigh, N, C, 
27603 

Bartlett Mfg, Co,, 3001 E, Grand Blvd,, Detroit, Mich, 
48202 

Brogdex Co,, 1441 W, Second St,, Pomona, Calif, 
91766 

Concord Chemical Co,, 205-2nd St,, Camden, N,J. 
08101 

Dow Chemical Co,, Midland, Mich, 48640 

Ever-Plastics Corp,, 420 Lexington Ave., New York, 
N.Y. 10017 

E-Z-Flo Chemical Co,, P,O, Box 337, Aberdeen, N.C, 
28315 

FMC Corporation, Florida Division, Box 1708, Lakeland, 
Fla, 33802 

Franklin Research Corp,, 5134 Lancaster Ave., Phila- 
delphia, Pa, 19131 


Humble Oil & Refining Co,, P.O, Box 2180, Houston, 
Tex, 77001 

International Wax Refining Co,, Valley Stream, N.Y, 
11580 

Johnson, S, C, and Son, Inc,, Agricultural Wax Dept., 
1525 Howe St,, Racine, Wis, 53403 

Kalamazoo Paraffine Co,, 1809 Reed St,, Kalamazoo, 
Mich, 49001 

Lobee Pump & Machinery Co., Gasport, N.Y, 14067 

Lockwood Division, Seilon, Inc,, Gering, Neb, 69341 

Michel& Pelton Co,, Inc,, 5743 Landregan St,, Oakland, 
Calif, 94608 

Midwestern Machine Co,, Belding, Mich, 48809 

Mobil Chemical Co,, Agricultural Chemicals Division, 
401 E, Main St,, Richmond, Va, 23208 

National Wax Co,, 3650 Touhy Ave., Skokie, 
Ill, 60076 


3 Companies listed are for information only, Their listing does not constitute endorsement or warranty of 
their products by the U,S, Department of Agriculture or imply discrimination against others not named, 
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Nursery Specialty Products, Inc,, 202 East 47th St., 
New York, N.Y, 10017 

Petrolite Corp., Bareco Division, 6910 E, 14th St., 
Tulsa, Okla, 74115 

Pomona Service & Supply Co,, 2310 Fruitvale Blvd.,, 
Yakima, Wash, 98902 

Ross, Frank B, Co,, 403 Pine St,, Jersey City, N.J. 
07304 


Sun Oil Co,, Industrial Products Dept., Philadelphia, Pa. 
19103 

Trescott Company, Fairport, N.Y, 14450 

Tri-Pak Machinery Service, Inc,, 112 Coombs Hwy., 
Harlingen, Tex, 78551 

Wallace and Tiernan, 171358, California Ave., Monrovia, 
Calif, 91016 


SOURCES OF WAXING EQUIPMENT® 


Aeroglide Corporation, 510 Glenwood Ave,, Raleigh, 
N.C, 27603 

Ag-Pak, Inc., Gasport, N.Y, 14067 

American Machinery Corp., Box 3228, Orlando, Fla, 
32802 

Boggs Manufacturing Corporation, Atlanta, N.Y, 14828 

Brogdex Co,, Box 2769 Pomona, Calif, 91766 

Durand Machinery, Inc,, Woodbury, Ga, 30293 

FMC Corporation, Florida Division, Box 1708, Lakeland, 
Fla, 33802 

Lobee Pump & Machinery Co,, Gasport, N.Y, 14067 

Lockwood Division, Seilon, Inc,, Gering, Neb, 69341 


Michigan Orchard Supply Co,, South Haven, Mich, 
49090 

Midwestern Machine Co,, Belding, Mich, 48809 

Tew Manufacturing Co,, Fairport, N.Y. 14450 

Trescott Co,, Fairport, N.Y, 14450 

Tri-Pak Machinery Service, Inc,, 112 Coombs Hvwy,, 
Harlingen, Tex, 78550 

Troyer Manufacturing Co,, Box 7, Smithville, Ohio 
44677 

Wallace and Tiernan, 1713S, California Ave,, Monrovia, 
Calif, 91016 

Wayland Machinery Co,, Covesville, Va, 22931 


3 Companies listed are for information only, Their listing does not constitute endorsement or warranty of 
their products by the U.S, Department of Agriculture or imply discrimination against others not named, 
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